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1 
Thi invention relates to an impïovement in 
fuel injectors for internal combustion engines» 
particularly of the diesel type. 
The invention as illustrated - herewith is em- 
bodied in a ïuel injector pump having- a plunger  
reciprocable in a  cylinder and' having valving  
lnds separated to define a helix cavity which, 
in cooperation with lateral cylinder ports, fs 
operable to vary the amount of fuel inroduced 
during uniform lengt-h strokes of the plunger. 10 
In injector pumps of that class, pressure in the 
pressure chamber is usuaty buil up to the point. 
necessary or causing atomizaion of the ïuel 
charge consequent upon the pressure chamber 
being sealed off from the supply port or ports. 15 
Such sealing off determines the beginning of 
the injection operation of the pump. 
A different type of injector bel0nging to the 
saine general class is n]ade çhe subject matçer of 
mY application Serial-No. 608,588, filed August 2, 20 
1945,. which matured into Patent No. 2,590,575 
on-Match 25, 1952. In that injector, a-controlled 
or regulated high pressure is built up in the 
pressure chamber oï the pump-beïore the pres- 
sure chamber is communicated with. a delivéry 25 
por or duct leading to the a0mizing nozzle, 
and mainained thereaïter during thé-pressure 
stroke of the .pump; Injection starts during 
maintenance oï that controltel or egulatedpres- 
sure,-upon opening of the delivery port: 30 
It  will be apparent from the above discussion 
of said two types of injecors that, once" thé" in 
jection operation starts and assuming a  uniform  
speed' of operation of the punp at   given speed 
sëting, the pressur e applied to the fuel' being 5 
introduced fo he atomizing nozzle remains Urfi-- 
,form and that pressure must be more or less' 
limited so as hot to be excessive af high speeds 
The usual meàns  for limiting the  pressure: is 
the making of the otat inject0r nozzle orice 40 
area large enough t0 relieve dangerous pressure 
conditions. Practically speaking; tha means 
makig the individual nozzle oriiïcês lrgir than 
will rësult in g0oi at0mization t  low speds'. 
If; ifistead a considerably highé deree óï fuel 45 
pressure Were obtainable at thè stkrt oï injec- 
tion- onlï, then at " idling and crahking speëdsi 
wheiï the activ e. portion of the pump stroke  is 
short and the-pump motion is " re]atively slOw, 
good atomization coull be securèd even ttïrougl 50 
firly large at0mizing orificis af the beginning 
o eacheffectively shortened str0ke of the pump 
Tlie principal objict hereof is toproide  simplè 
means, for óbtaining an extreniely high momin- 
tary Pressure at the start of injection anal the 55 
aboVe indicated, àdvantagè thereof. 

2 
While the present invention is not necessarily 
limited to the second discussed type of injector 
pump, that arrangement can be very easily 
adapted to obtain the principal advantages oï 
the present impr0vement by conversion into 
positive displacement injector. The means for 
obtaining the preliminary excess pressure (above 
the desired normal) may be either a small fixed 
or rgu]atable by-pass orifice commurïicated with 
the pressure: chamber during the pfessure strole, 
but closed to communication thërewith at Che 
start oï injection or a spring controlled, pressurée - 
regulting by-pass valve so communicated ini« 
tially but rendered inoperative at the Start 
injecï0n. Tle bY-pass orifice is closed substan 
tially to seal, the pump pressure chamber in 
manner to place the operating mechanism undek 
strain, thus storing energy therein as well as 
in the trapped fuel, and that energy is suddenly 
released against fuel between the pump and the 
nozzle at the beginning of the injection operation 
of tle pump. Beginning oï injection operati0n 
as referred to herein may mean either com- 
mencemen òï a' preliminary injection oï a small 
quanity oï ïuel to tie engine cylinder ahead of 
a main charge or simply th beginrd'ng o a 
unifofm injection operation comparable to such 
màin charge. 
A further and more specific 0bjectof the pr_es- 
ent invention is to provide a ïuel injector purn 
oï ttïë Class described above in which a momen- 
tarY Slrp pressure fise is accomplishd  on the 
fuel' in tle pressure chamber suflicient to placè 
the  injector mechanism and its operating means 
under strain  within the e]astic limits, o.ï the párts 
at tl]e rime injection begins, thus, by storing 
potential energy, in said parts and the fuel 
tle chamber, making certain Of obtaining g00d 
atomizaion at the nózzle at each stróke of the 
pump af all speed settings and particu]arly at 
idling or cranking speeds. 
 ïurther object is to  provlde an' injector of 
the indicàtel class and in which injection coin-  
mences with opening of a delivery port leding 
to the atomizing nozle or its equivalent, which 
injector wfll operate as a p0itive displacement 
fuel-charge-metering injector pump apparatus 
withresults superior tothose of previously kn0wn 
positive' displacement injector pumps. 
A fUfther specific obSect is fo' provide a re 
ciprocating fuel injector pump in which a fuel 
adjusting helix cavity oï the pump piston - or 
plunger causes- communication between the purnp 
pressure chamber and  delivery port to start in- 
jection and wherein a relative]y restricted 
pass orifice is communicated with the pressure 
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chamber prior to the opening of said delivery 
port but is closed by a wall portion of the helix 
cavity substantially simultaneously with opening 
of the delivery port. 
A concomitant object is to provide an injector 5 
pump operative as just described, wherein the 
by-pass orifice is of such character that it need 
hot be fully c!osed prior to cracking of the de- 
!ivery port in order to store up adequate potential 
energy in the injector mechanism and its op- 
erating means for producing an initial high pres- 
sure spray at start of injection. 
Other objects and features of the invention 
wil! become apparent from the fo!!owing descrip- 
tion of the exemplary embodiments shown by the 15 
accompanying drawing, wherein: 
Fg. 1 is a longitudinal central assemb!y sec- 
tiona! view of a unit injector incorporating the 
present invention in one form; 
Fig. 2 is a deve!opment view of the injector 20 
pump p!unger metering portion; 
lg. 3 is a fragmentary sectiona! view corre- 
sponding to Fig. 1, showing a pressure regulating 
va!ve associated with the restricted by-pass ori- 
fice heretofore discussed; 25 
Fig. 4 is a sectional view taken as indicated on 
Fig. 3; and 
Fig. 5 is a fragmentary deve!opment view show- 
ing a different form of pressure regulating by- 
pass from that shown by Fig. 2.  3O 
Referring to Fig. 1 showing a unit type of in- 
jector pump mechanism, an engine-operatod 
p!unger piston ! slidably fltting a pump cy!inder 
2, usual!y referred to in the art as a bushing, is 
reciprocated in a manner to receive rue! into a 35 
pressure chamber P of the cylinder from a rue! 
cavity or reservoir 3 through suitab!e supp!y port 
means during a suction stroke of the p!unger and 
to deliver a charge of rue! to a combustion space 
of the engine through an atomizing nozz!e 4O 
mechanism general!y shown at 4 during a pres- 
sure stroke of the p!unger. The unit injector as 
shown herein inc!udes a main body member 
receiving, in a countorbore 5' of the body, a re- 
duced diameter upper portion of the pump cylin- 45 
der or bushing 2. The body 5 is threaded as at 
6 îor engagement with a s!eeve-!ike nut 7 which 
enters the associated engine cy!inder (hot shown) 
as through the cylinder head water jacket and 
supports the nozz!e mechanism i in communi- 5O 
cation with the combustion space of the cy!inder. 
The s!eeve-like nut 7 has a shoulder at 8 for. 
engagement with a suitab!e gasket (hot shown) 
around an opening in the cylinder head, and a 
reduced diameter portion 9 which fits a smaller 55 
bore in the cylinder head and is held therein by 
suitable means (hot shown) which engages the 
body 5 and forces he shou!der 8 agains t the 
cy!inder head. 
The rue! cavity or reservoir 8 is formed as 6O 
an annu!ar space between the bushing 2 and 
s!eeve-!ike nut 1, said space being generally 
sia!ed at its top end. The lower end face ! ! of 
the bushing 2 abuts a coaxia! base piece in the 
formof a recessed b!ock 12. The base piece is 65 
one of a p!ura!ity of stacked central!y apertured 
injector nozzle assemb!y parts fixed!y supported 
in and by the sleee nut aS is common practice. 
The fuel cavity 8 is supplied with !iquid fuel 
through a supp!y pipe | 5 !eading to a ri!ter cham- 70 
ber 6 containing a ff!ter unit 1, the ourlet Of 
.the ï-dter communicating vith a supply duct 
in the_ bodY 5 enter.ing the upper end of the 
fuel cavity. 
The bushig or pfmp cylinder block 2 has 75 

4 
a single transverse bore 20 !eading from the 
ïuel supply cavity to the pressure chamber por- 
tion P of the cy!inder bore 2! of the bushing 
just below the !ower end of the p!unger when 
the latter is in its raised position as shown in 
Fig. 1. The !ower end of the cylinder 
c!osed by a centra! imperforato portion of the 
base piece or b!ock 2. The sing!e port 20 forms 
both a supply port and spii! port cooperating 
with va!ving !and and ricess portions of the pump 
plunger. Above and (e. g.) diametral!y oppo- 
site from the port 20 is a !atera! fuel delivery 
port  intersecting a vertica!ly extonding or 
axial bore 2i which is open at its !ower end on!y 
for communication with an annular trough or 
charme! 25 on the top side of the b!ock 2. The 
b!ock 2 has an oblique duct - !eading centrally 
of the assemb!y to a check valve chamber 
The check va!ve chamber is formed in a iircu- 
lar valve body 28, one of the stacked parts men- 
tioned, seated by engagement with the block 
against an upper flanged portion 30 of a nozzle 
fltting l, the !owermost of the stacked parts. 
The valve body 28 and said flange fit snugly in 
respective parts of a central through bore 
in the !ower reduced diameter portion of the 
s!eeve nut 7. 
The !ower or reduced diameter main portion 
of the nozz!e fltting ! projects beyond the lower 
end of the s!eeve nut. The nozzle fitting and 
valve body 28 have central communicating bores 
8 and 5 respective!y. The bore  contains a 
suitab!e main spring-c!0sed check valve p!ug 
which, between injection strokes of the plunger, 
c!oses the bore 5 against flow of fuel from the 
de!ivery duct toward the nozzle, in event the 
valve plug 36 refuses to close as by reason of 
accumulation of foreign matter on the valve 
seat, combustion pressure from the engine cy!in- 
der may force combustion gas or air back into 
the injector through the de!ivery duct; and to 
prevent that from occurring, the valve chamber 
27 may be provided with an apertured check valve 
disc 0 which floats vertica!ly in the chamber 
and can be forced by such back pressure from the 
combustion space to sea! against the !ower fiat 
face of the body 2 and close the delivery duct. 
The mechanism for adjusting the p!unger | for 
causing different amounts of fuel to be injected 
per stroke of the p!unger may be conventiona! 
and includes, as shown, a gear 70 slidably keyed 
to the shank of the p!unger ! and a rack 7! in 
mesh with the gear and adjustab!e in the usua! 
way as by a speed governor or other speed regu- 
!ating means. The i!!ustrated mechanism for 
reciprocating the p!unger wil! be described later 
herein. 
Referring further to the p!unger , a deve!op- 
ment of which is shown by Fig. 2, the lower 
effective edge 5 of the plunger on the down« 
ward or pressure stroke thereof c!oses the sup- 
ply port 28, thus estab]ishing initial pressure in 
the chamber P and the helix cavities S and D 
which communicate constant!y with the lower 
end of the cy!inder bore through an axial bore 
6 and !atera! bores 7 and 8 respectively in the 
plunger. The cavity S (spi!l. cavity) is deflned 
in part of a lower control edge 9 and an upper 
edge 5{}, the cavity separating valve land or- 
piston portions 5! and 52 of the p!unger. The 
main de!ivery control he!ix cavity D in the land 
52 is defined by an inc!ined !ower he!ix edge 
and an upper inc!ined contro! edge 
therewith. The edges 58 and 54 and the horizon- 
tal end portions D' and D" of thedelivery he]ix 



cavity can- alI- be formedi in one operation by a 
single: rotary milling cuiter.. 
- The. delivery helix cavity preferably includes a 
preliminary injection helix relief portion 53« 
which is a very slight indentation of the land 52. 
dj0ining the inclined edge portion 53 of the 
cavity at the idling and cranking speed portions 
only thereof. The preliminary injection helix 
cavity portion can of course extend along the 
entire inclined edEe 53 if desired. 
The restricted by-pass port, as shown in Figs.. 
1 , and 2, is simply a small (e. g.) circular orifice. 
55 communicating the interior of the cylinder 
with the supply chamber 3. The by-pass port 
5§, although connected by the supply chamber, 
allows oniy a small quantity of fuel to escape 
therethrough, hence causes a rapid building up 
of pressure, in the pressure chamber when, after 
closing of the suppl port and before opening 
oï the delivery port, if furnishes the oniy exit 
for fuel from the chamber. The by-pass port 
55 is. so located with reference to the delivery 
port 23 that the bypass port closes af about the 
rime the delivery port is opened by the helix 
edge 53 (or the preliminary injection hilix cavity 
53a) to start injection. 
If the by-pass port 55 is directly above the 
delivery port 3 as shown, then a typical rela- 
tionship of those two pors to the delivery helix 
cavity ai the start of injection is as indicated ai 
23x and 55x, Fig. 2, along the line L. The cor- 
responding position of the supply port 25 along 
line L' is shown ai 25x on the devel0pment view, 
line L'. being 180 ° removed from the common 
radial plane of the other two pors. Injection 
is terminated when the upper edge of the supply 
and spill port ai 25x is uncovered by the descendr 
ing. edge 49 of the spill cavity S. A stop loop 
49a is formed as part of the edge 49 for causing 
opening of the spill port 25 before the delivery 
port is. opened by the portion D' of the delivery 
helix cavity. 
The relative position of. ports and plunger 
helix portions just described is intended as illus- 
trative of a working speed position of the plunger 
with the englue operating under load. 
An additional relative position of delivery port, 
by-pass port, spill port and plunger cavities is 
indicated diagrammatically in Fig. 2 ai 23, 55 
(line L ) and 25 (line I2). In that relation- 
ship of pors and plunger cavities, pressure is 
preliminarily built up in the pressure chamber 
P as soon as the supply port 25 is cut off by the 
lower land 5! of the plunger because of the re- 
stricted nature of the by-pass port 55 as already 
explained. Preliminary injection stars when 
the upper edge of the delivery port, ai 23, is 
uncovered by the preliminary injection helix re- 
lief 53a and if the helix edge 54 is as shown 
in full lines, then the by-pass ai 55 will still be 
open and no pronounced energy storing effect 
thereof will obtain in connection with the pre- 
liminary injection operation. Still assuming the 
full line illustration of helix edge 54, when the 
top edge of the delivery port 3 is uncovered by 
the main portion of the helix edge 53, the pres- 
sure control port 55 will be closed substantially 
simultaneously with commencement of main in- 
jection or slightly earlier so that a sufficiently 
sharp pressure fise in the pump pressure cham- 
ber P occurs to place the injector plunger and 
ifs operating mechanism under pronounced en- 
ergy-storing strain. 
An alternative preliminary injection helix ar- 
rangement is illustrated in Fig. 2 in broken lines. 

The upper inclined edge 54 of. the. cavîty D, foz 
a distance coextensive with the preliminarF helix- 
relief cavity. 5a;. may be brought downwardlF  
as illustrated af 54: Ir that event, the bFpss 
5 port 55 will obviously be closed in the-position. 
55y thereof as the delivery port 23 is:opened for 
communication with the preliminary injection 
.relief zone 53a: o the' deliverF helix: 55,. and the 
ïull: energ-storinE: effects of the: por: and: helix 
10  relationshiçs will:obtain:at preliminary injection. 
Figs. 3.and4.show_ the employment.o£aresilient - 
ly operated preliminry-pressure-establishing. 
vale for the restricted:b:-pass aperture  The 
vale; as, shownds in the-,form of a ruerai.ball,60 
15-seated agains the-bottom of a counterbore 5! 
ri'oto, which the .orifice. 55 extends inwardly into 
cemmunication- with- the: pump cylinder, The 
ball: is  normally: held .against, the seat' or. bóttom 
of the- counterbore by. an annular spring. 6. sur- 
20. rounding thebushing:2 and operatiniin a suitable 
cha.nneled- guide. ,--. ïormed. around, the bushing. 
The spring is held somewhat eccentric fo the:guide  
by contact with the:batl,, and an inner peripherat 
smooth, groove  4 is preîerabl: formed in the. 
25  spring ïor contact with the ball so as to hold/the 
edges of the »pring. out. of contact with the side 
walls of the channel; whereby the ring. is free 
fo turn progressively about, the-bushing. The 
controlled pressure established by the:valve ar- 
30: rangement described depends upon the operating 
characteristics oï the spring as more: fullF ex- 
piained in.my copending application. 
The pressure control port-does not have to be 
completely closed by the helix- edge 54. or' 54a 
3 when the deliverF port opens in-orderto place the 
rnain-.partsof: theinjector unit and theoperating 
mechanism therefcr on the enginê momentarily 
under pronom]ced, stra.in; Vhen a circular port. 
is closed by a straight, edge,, the pressure in.. the, 
40 space closed.hereb necessarfly risesvery rapdly, 
because of. the manner in which the effective out-- 
let opening diminishes; Such rapid acceleration 
characteristic may be altered by any suitabte 
means. For example, as shown by Fig. 5, the en- 
45 france fo the restricted by-pass port 55b is so 
shaped as by having an elongated and narrowed 
portion 55c that the final closing by the helix edge 
5 will be the saine as though a much smaller but 
circular pressure control port had been used. 
50 Alternatively and not requiring illustration, the 
edge of the port presented in closing relation fo 
the helix edge 54 may be widened so that the 
rapidly rising pressure characteristic of a round 
opening cooperating with a straight closing edge 
55 would not obtain. In that event, it would be 
practically necessary fo bave the control by-pass 
port close immediately before the instant the de- 
livery port opens in order safely to accomplish 
storing of energy in the mechanism as herein de- 
60 scribed. 
For adjusting and operating the plunger , a 
conventional arrangement is shown. Fuel adjust- 
ment comprises the adjusting gear {} and rack 
. The gear is supported between the top end 
65 of the bushing 2 and a shoulder 5! within the 
body. The gear is, in effect, splined fo the up- 
per end portion 52 of the plunger af a fiat surface 
portion 3 thereof. For reciprocating the plung- 
er, the top end thereof is engaged by an inturned 
70 fiange 84 of a follower guide 55 slidable in a 
smooth bore 5 of the body 5 and held against 
rotation by a removable key pin  on said body 
5, which pin also acts as a limit stop ïor the fol- 
lower guide in a well known manner. Above the 
75 somewhat eniarged head portion oï the plunger 
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is a follower or tappet piece $$ secured to the 
follower as by a cross pin $9. The engine rocker 
arm 90, through a suitable roller 91, operates the 
plunger against the opposing force of a plunger 
return spring 92 around the follower and sup- 
ported against the top face of the body 5. 
I claire: 
1. In a fuel injector pump, a valving and pump- 
ing plunger and a pump cylinder cooperating 
therewith to form a pressure chamber having 
inlet and outlet ports, means for reciprocating the 
plunger, a fuel delivery duct in the cylinder form- 
ing the principal ourlet port and which is opened 
to the pressure chamber by a valving portion of 
the plunger during the pressure stroke thereof 
to start injection, a pressure-control, restricted 
fuel by-pass orifice in the cylinder wall communi, 
cated with the pressure chamber by another valv- 
ing portion of the plunger, said second valving 
portion, operating immediately before the first 
mentioned valving portion operates to start injec- 
tions substantially to seal the chamber against 
ourlet of fuel therefrom whereby to produce a 
sharply increasing energy-storing pressure in the 
chamber. 
2. A variable delivery fuel injector pump com- 
prising a valving and pumping plunger and a 
pump cylinder cooperating therewith to form a 
pressure chamber having inlet and ourlet ports, 
means for reciprocating the plunger, and a fuel 
deliverY duct in the cylinder forming the principal 
ourlet port and which is opened to the pressure 
chamber by a valving portion of the plunger, dur- 
ing the pressure stroke thereof to start injection, 
combined with a relatively restricted pressure con- 
trol fuel by-pass orifice in the cylinder wall com- 
municating with the pressure chamber prior to 
start of injection and arranged to be closed by an- 
other valving portion of the plunger immediately 
before injection is started substantially to seal the 
chamber against outlet of fuel therefrom and pro- 
duce thereby a sharply increasing pressure in the 
chamber. 

8 
3. An engine fuel injector pump of the con- 
trolled pressure type and comprising a recipro- 
cable valving plunger positively connected to a re- 
ciprocating mechanism of the engine for per- 
5 formance of a pressure stroke and having means 
for returning the plunger to effectits charging 
stroke, the plunger having valving cavity means 
providing axially spaced valving edges and the 
cylinder having a fuel delivery port and a re- 
le stricted pressure control port respectively con- 
trolled by said edges, the pump having plunger 
operated valve port means connected with a pres- 
sure space between the plunger and cylinder to 
enable charging of the pump with fuel on the 
15 charging stroke; characterized in that said pres- 
sure control and delivery ports and their cooper- 
ating valving edges are so interrelated axially of 
the plunger that the pressure control port is 
opened during an initial part of the pressure 
20 stroke and then is sufliciently closed by the asso- 
ciated valving edge just prior to opening of the 
delivery port by its valving edge that substantial- 
ly trapped fuel in the pressure space places said 
plunger and reciprocating mechanism under pro- 
2 nounced strain. 
GARDINER M. ROGERS. 
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